Tretinoin is known to be a pharmaceutical drug for treating acne vulgaris, keratosis pilaris, and acute promyelocytic leukemia. In order to reveal the possible conformers of tretinoin, the energies of all the conformers through rotational bonds have been evaluated by systematic rotor search analysis. The intramolecular interactions ranging from strong hydrogen bonds to weak van der Waals forces present in tretinoin have been distinguished with the help of electron density mapping and wavefunction analysis. The global reactivity descriptors and Fukui functions of tretinoin have been calculated and discussed. The sites suitable for electrophilic attack and nucleophilic attack have been identified with the help of Hirshfeld partitioning. The vibrational spectroscopic signature of tretinoin and mixed mode band assignments have been elucidated with the help of experimental and simulated spectra.
Introduction
Identification of the properties of structural isomers of wellknown drugs is necessary in order to replace existing ones with significant side effects. Moreover, a detailed study of the molecular interactions and vibrational analysis enable us to analyze the chemical stability and vibrational dynamics of a molecule.
The reactivity descriptor parameters and the evaluation of inhibition constants are helpful to understand "How does the molecule interact with the protein?" In this work, a well known pharmaceutical drug tretinoin is investigated. All-trans retinoic acid in pharmaceutical form is known as tretinoin. It is used to treat acne vulgaris, keratosis pilaris, and acute promyelocytic leukemia. Its isomer isotretinoin has also been identified to have potential usage as an acne drug. Few studies have been reported in terms of conformational analysis and the structure-activity relationship of cis-and trans-retinoic acid. According to the structural point of view, tretinoin has five rotational bonds, and thus numerous conformers could exist in nature. Hence, the structural properties of all the possible conformers have been studied in this work. Moreover, the presence of intramolecular interactions and the intermolecular interactions through dimer formation have been analyzed. Because of its biological importance, the study of chemical reactivity, and reactivity descriptors are also reported in this work.
The history of previous publication shows that there have been few studies proposed in connection with the molecule under investigation. The structures and activities of all-trans, 9-cis, and 13-cis retinoic acid have been studied. [1] [2] [3] [4] Vaezi et al. 5 investigated the conformationally defined 6-s-trans-retinoic acid isomer. The characterization of tretinoin and tretinoin-dimethyl-β-cyclodextrin complex has been proposed through spectroscopic investigations. 6, 7 It is found from the literature that the detailed structural properties of tretinoin have yet to be identified. Hence, the possible conformational isomerisms and their structural properties are discussed in this work.
Experimental

FT-IR measurement
A solid sample of tretinoin with a stated purity of 98% was purchased from Sigma-Aldrich Chemicals, India. The Fourier transform infrared (FT-IR) spectrum of tretinoin in the region 4000 -400 cm -1 was recorded on a Bruker Tensor 27 FT-IR spectrophotometer using a room temperature DTGS detector, mid-IR source (4000 to 400 cm -1 ), and a KBr beam splitter. A pellet of a sample with KBr was prepared in a ratio of about 100:1 by applying 4 tons pressure in a hydraulic press. The baseline corrections and primary tasks for signal averaging and signal enhancement were calculated using the multi-tasking OPUS software. The spectrum of the sample was recorded with a resolution of 1.0 cm -1 and while performing the experiment, the sample was placed in the cavity for about 32 scans.
FT-Raman measurement
The FT-Raman spectrum of tretinoin was recorded in the region 3500 -100 cm -1 on a Bruker RFS multi RAM standalone spectrophotometer. The Nd:YAG laser of 1064 nm wavelength was used as an excitation source and the spectrum was recorded at a spectral resolution of 2.0 cm -1 .
Computational
In support of experimental observations, the quantum chemical calculations were performed to compute energies, optimized geometrical parameters, natural bond orbital compositions, reactivity descriptors, and the vibrational wavenumbers associated with tretinoin using Gaussian 09W software. 8 The stable conformers of tretinoin have been explored with the help of Avagadro sotware. 9 While performing conformer analysis, the Merck Molecular Force Field (MMFF94) and systematic rotor search (SRS) algorithm were chosen. Finally, the selection of stable conformers carried out on the basis of energy minima. Furthermore, these conformers were optimized by dispersioncorrected DFT method (DFT-D) with B3LYP/6-311++G(d,p) basis set combinations. The assignments of IR and Raman peaks were done with the help of the Gar2Ped program package. 10 Furthermore, the prominent molecular interactions viz. hydrogen bond, van der Walls, and London dispersion that contribute to the stability of the molecule have been studied by Quantum topological atoms in molecules (QTAIM) and multiwavefunction analysis using AIM 2000 and Multiwfn software, respectively.
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Results and Discussion
Geometrical conformations
As far as tretinoin is concerned, it has five rotational bonds through which there are numerous stable conformational geometries likely to subsist at room temperature. In order to find the stable conformer of tretinoin, the SRS algorithm with MMFF94 force field was implemented. In the SRS, the energies of 60000 configurations were evaluated in the calculation. Among these, two distinct conformers (conformer A and B) of lower energy have been considered for further study. The energies of conformers A and B calculated at dispersioncorrected DFT functional with B3LYP/6-311++G(d,p) method are -2441043.9699951 and -2441044.8098663 kJ mol -1 , respectively. In the present study, the other conformers that structurally overlapped with A and B were ignored. The optimized structures of both the conformers with atom labels are given in Fig. 1 and the overlapping of conformer A and B are given in Fig. 2 . The geometrical parameters of both the conformers, such as bond length, bond angle and dihedral angle are given in Tables S1 -S3 (Supporting Information). It is seen from the tables that both the experimental 13 and theoretical parameters are in good agreement with each other. The deviations observed between the experimental and theoretical bond lengths of C-H are due to a low scattering effect on hydrogen atoms in the molecule caused while performing the X-ray diffraction experiment.
Non-covalent interactions
In order to understand the patterns of internal non-covalent interactions ranging from strong hydrogen bond to weak vander Waals, London dispersion forces, and steric effect, QTAIM and multi-wavefunction analysis have been employed. The topological picture of molecular graphs obtained from QTAIM analysis for conformer A and B are shown in Fig. 3 . It is clearly seen that in conformer A, there are five intramolecular interactions connecting the non-bonded atoms and form a ring, whereas in conformer B, only four intramolecular interactions are involved in the formation of the ring. Of these, the prominent interaction between the donor O50 and acceptor H38 gives rise to more chemical stability. The calculated bond ellipticity of about 0.0810 a.u. by post Hartree-Fock method indicates the nature of π bond present between O50 and H38. Moreover, certain weak dihydrogen interactions are also observed and are tabulated in Table 1 . The interactions such as C19···H34 in conformer A and C19···H31 in conformer B also take part in the stability of tretinoin. The nature of those interactions is also revealed by density-based isosurface analysis as shown in Fig. 4 . The green surfaces shown between the non-bonded atoms indicate the presence of strong van der Waals interactions between them. The blue surface within the ring shows the steric effect between the ring carbons.
Global reactivity descriptors
A qualitative analysis of the reactivity of tretinoin was conducted by determining the site selectivity with the help of Hirshfeld partitioning. The Hirshfeld charges on the neutral radical (N), anionic (N+1) and cationic (N-1) species of tretinoin give rise to respective Fukui functions, fA In the present study, the Fukui functions are calculated as followed by the reference. 14 The calculated Fukui functions and electrophilicity/ nucleophilicity indices of both the conformers of tretinoin are collected in show the suitable sites for electrophiles. To better understand the reactivity of tretinoin, certain other parameters such as energy band gap (εH-εL), ionization potential (I), electron affinity (A), electronegativity (χ), chemical potential (μ), global softness (S) and global electrophilicity index (ω) have also been calculated using Koopman's theorem for closed-shell molecules as suggested by Parthasarathi et al. 15 The above parameters of both the conformers are collected in Table 2 . The energy gap between HOMO and LUMO of conformer B is less than that for conformer A and this shows its dominant stability in comparison to conformer A. From the calculated parameters one can identify the reactive behavior of the molecule. 
Vibrational assignments
As far as tretinoin is concerned, it has a carboxylic acid group through which dimer formation can exist in both the solid and liquid forms. In the present study, the peak observed at 3142 cm -1 in FT-Raman belongs to hydrogen bonded OH stretching. As the calculations have been done on the monomer structure of tretinoin, the peaks calculated at 3574 cm -1 (conformer A) and 3572 cm -1 (conformer B) are assigned to free OH stretching. The experimental wavenumbers along with theoretical wavenumbers of conformers A and B are depicted in Table 3 and the experimental and simulated spectra are given in Fig. 5 . The stretching of C-H bonds on the linear chain appears at 3047 cm -1 in FT-IR and 3043 and 3034 cm -1 in FT-Raman. The calculated values from the DFT-D method with B3LYP/6-311++G(d,p) basis set are in good agreement with the experimental observations. The CH stretching vibrations of cyclohexane 16 generally produce peaks in the region 2940 -2854 cm -1 . In this work, the peaks obtained at 2929, 2924 cm -1 and the calculated values at 2932, 2917 cm -1 (conformers A and B) are ascribed to CH stretching of the cyclohexane ring. Because the carbon atoms on the linear chain are coupled with hydrogens and CH3 groups, the C-H in-plane bending vibrations contributed considerably to C-C stretching. In this work, the peaks at 1602, 1571 cm -1 in FT-IR and 1606, 1581 cm -1 in FT-Raman are assigned to C-C stretching.
Usually, the wagging deformation vibrations of cyclohexane 17, 18 generate peaks near 1350 cm -1 . The wagging modes of the CH2 group in the cyclohexane is identified at 1344 cm -1 in FT-IR and 1350 cm -1 in FT-Raman. Based on the PED results, the peak observed at 1015 cm -1 in FT-Raman is assigned to rocking mode. The experimental and calculated value of this mode agrees well with the earlier literature. [19] [20] [21] Like CH stretching, the out-of-plane bending vibrations of CH are also pure. In the present study, the "PED 80%" of contributions leading to the mode at 918 cm -1 in FT-IR is attributed to CH out-of-plane bending. The ring deformation vibrations are substituent dependent and are expected to appear below 600 cm -1 . As expected, the peak found at 581 cm -1 in FT-Raman is assigned to trigonal deformation vibration (R[δdef]) of the cyclohexane ring. The torsion modes of the ring, as well as torsions around the rotational bonds, require small amounts of energy. Therefore, those vibrations will appear in the Far-IR regions. The peaks identified at 147 and 110 cm -1 in the FT-Raman spectrum are ascribed to torsion mode along the bond between the carbon atoms in the linear chain.
Conclusions
The conformational analysis of the title molecule revealed that there are two distinct conformations of lower energies of about 
